A digital elevation model (DEM) is an important spatial input for automatic extraction of topographic parameters for the soil and water assessment tool (SWAT). The objective of this study was to investigate the impact of DEM resolution (from 5 to 90 m) on the delineation process of a SWAT model with two types of watershed characteristics (flat area and mountain area) and three sizes of watershed area (about 20,000, 200,000, and 1,500,000 hectares). The results showed that the total lengths of the streamline, main channel slope, watershed area, and area slope were significantly different when using the DEM datasets to delineate. Delineation using the SRTM DEM (90 m), ASTER DEM (30 m), and LDD DEM (5 m) for all watershed characteristics showed that the watershed sizes and shapes obtained were only slightly different, whereas the area slopes obtained were significantly different. The total lengths of the generated streams increased when the resolution of the DEM used was higher. The stream slopes obtained using the small area sizes were insignificant, whereas the slopes obtained using the large area sizes were significantly different. This suggests that water resource model users should use the ASTER DEM as opposed to a finer resolution DEM for model input to save time for the model calibration and validation.
Introduction
Computer technologies can provide additional tools for geological mapping, which may improve the agreement of the determined geological units with the terrain topography; such a tool is digital elevation model (DEM), which is a digital map of the elevation of an area on the Earth [1] [2] [3] . DEM is useful for automatic creation of input data prepared for hydrological and hydraulic models, such as the soil and water assessment tool (SWAT) model, the hydrologic engineering center-river analysis system (HEC-RAS), and the hydrologic engineering center-hydrologic modeling system (HEC-HMS) [4] [5] [6] . DEM can be used to represent the physical parameters of the watershed in terms of the flow direction, drainage network, and drainage slopes. The performance of the model varies depending on the available input data [7, 8] . Basic DEM resolution, or raster size, is always a compromise between the level of detail needed for computation, the accuracy of the data, and the total computing power and time resources that can be allocated [9] . The accuracy of the DEM data must be monitored to enable the best selection for use in preparing the DEM base model because this is the key to the success of the model results. A subsequent issue is that grid size is suitable for each kind of terrain and the size of the area of interest. The resolution of the Geographic Information System (GIS) data is closely associated with the computation speed in the spatial analysis. When the computing time is too long to run a model at a high resolution, SWAT users may use coarser resolution DEM data to speed up the computation procedure. The Environmental Protection Agency of the United States Geological Survey (EPA-USGS) DEM and 30 m grid DEM (NED dataset) were employed to investigates the effect of the DEM resolution on the delineation of three catchment areas in Mississippi, and it was found that the resolution of the elevation data affected the watershed delineation by providing more subbasins (for the same area) when using coarser datasets; that is, lower resolution produces further segmentation of a watershed while higher resolution datasets allow better delineation of flat areas when the Advanced Space-Bone Thermal Emission and Reflection Radiometer (ASTER) and the Shuttle Radar Topography Mission (SRTM) were applied to delineate the watersheds, and the results showed that both DEMs were suitable for glacier delineation [10] .
A SWAT model is the most commonly used tool to study hydrological estimations. Moreover, the objective of SWAT's development was to predict the impact of management on water, sediment, and agricultural chemical yields in large ungagged basins [11] . SWAT is a physically based, semidistributed watershed-scale model that has been used extensively to predict the impact of land management practices on water, sediment, and agricultural chemical transport [12] . SWAT was applied to the 2,530 km 2 Chaliyar River Basin in Kerala, India, to investigate the influence of the model parameters, and the result indicated that there may be greater uncertainty in SWAT stream flow estimates as the size of the watershed increases [6] . Most of the studies carried out have been on the effects ranging from 30 × 30 m up to 1000 × 1000 m DEM grid sizes, but not using higher resolution datasets at a 5 m DEM grid size. The impact of spatial input data resolution (from 20 to 500 m) on hydrological parameters in a flat watershed has been studied in central Iowa (USA) [13] . In addition, the impact of DEM resolution (from 20 to 1,500 m) on SWAT-simulated streamflow has been studied for the Johor River Basin, Malaysia [14] . Currently, higher resolutions of DEM are freely available, for example, the 90 m grid DEM (SRTM DEM) and the 30 m grid DEM (ASTER DEM). Particularly in Thailand, a 5 m grid DEM was developed by the Land Development Department for government organizations to use free of charge.
In Thailand there have been no studies on the DEM grid size, resolution time, and watershed parameters that were used to prepare the hydrological models to estimate runoff, stream flow, and other hydrological parameters in GIS hydrological models. This study investigated the algorithms used and emphasized the problems that can be encountered during the use of DEM data and attendance time to run all the processes using a personal computer (PC). The primary focus of this work was not the accuracy of the elevation data itself, but the attributes derived from them. An application was used on samples taken from the Chi River Basin and the Ping River Basin in Thailand. In addition, the study compared different resolutions, from 5 m to 90 m (5 m, 30 m, and 90 m), used in the automatic delineation techniques.
Methodology
2.1. Study Area. Two characteristics of the areas were considered in this study: flat areas and mountainous areas, as shown in Figure 1 . The site of the mountainous area was located between longitudes 259997-340000E and latitudes 1763937-1826002N in Chiang Mai Province, Thailand. The total grid used area was 14,400 hectares. The mountainous area dominates most parts of the watershed.
For flat land areas, the first area was located between longitudes 285000-301019E and latitudes 1770002-1753451N in the Huai-Por-Phan watershed. The total grid area used was 26,500 hectares. The second area was located between longitudes 277982-308567E and latitudes 1809520-1866770N in the Huai-Sai-Bath subbasin. The total grid area used was 175,000 hectares. The third area was located between longitudes 339997-448007E and latitudes 1741997-11880002N in the Nam-Yang subbasin. The total grid area used was 1,490,000 hectares. Table 1 . Watershed shapefiles from the Department of Water Resources, Thailand, 2009, and a topographic 1 : 50,000 scale map with manually digitized watershed boundaries were used to compare the medium and large sized areas. 
Data Collection

Soil and Water Assessment Tool.
SWAT has an auto delineation tool used in the current modeling of the watershed hydrology GIS system. SWAT is a multipurpose environmental analysis system that integrates GIS, watershed data, assessment, and modeling tools. The maps and parameters were extracted by the ArcGIS interface of the SWAT extension as these tools are the most well-known, accessible, and widely utilized, to compare the results, except for the Haui-Sai-Bath subbasin and the Nam-Yang subbasin watershed shapefiles from the DWR that were employed to enable comparisons to be considered. SWAT is a physically based continuous model. The subwatersheds were delineated using the eight directional flow algorithms (D-8 method). The D-8 method is a simple method that can be used to simulate the flow directions.
The method used the D-8 algorithm that assigned a flow direction to the cell in the center by considering the direction of the largest drop in elevation. It can generate stream networks and watershed delineation. Watersheds were created based on the DEM that represented the direction of the water flow [15, 16] .
Results and Discussion
The productivity when using all the DEMs will be considered with regard to three aspects of (1) area characteristics (size, shape, and slope of area), (2) length of stream, and (3) slope of main stream. Each aspect was considered for four watersheds (Huai-Sai-Khaw, Huai-Por-Phan, Huai-Sai-Bath, and NamYang subbasins). Certain physical properties of the watersheds significantly affected the characteristics of the runoff and, as such, are of great interest in hydrologic analyses. The principal watershed characteristics are as follows: (1) area of watershed: it reflects the volume of water that can be generated from a rainfall; (2) shape of watershed: the shape of a watershed influences the shape of its characteristic hydrograph; (3) length of watershed: this length is usually used in computing a time parameter, which is a measure of the travel time of water through a watershed; and (4) slope of watershed: watershed slope affects the momentum of runoff.
Impact of Area Characteristics (Size, Shape, and Slope of Area).
In this study, the principal watershed characteristics were considered in terms of the impact on the hydrological response. Watershed parameters (size, shape, and slope of area) were automatically extracted using different resolution DEMs for the same area. The LDD DEM watershed delineation was used as the base point to compare the size of Figure 2 shows the area delineation of Huai-Sai-Khaw watershed (representative of a small mountainous area) using LDD DEM, ASTER DEM, and SRTM DEM. It indicated that the LDD DEM and ASTER DEM shapes were similar, while the shape that was obtained from the SRTM DEM was quite different. In addition, the intersected areas between the various DEMs and extracted watersheds when they are superimposed are included in Table 2 .
The area size delineations when using the ASTER DEM and LDD DEM were slightly different, while for the SRTM DEM the difference was 21.8%. The area slopes created from the SRTM DEM and LDD DEM were quite different, whereas the difference in the average area slopes created by the ASTER DEM and LDD DEM was 25.51%, as shown in Table 3 . Figure 3 shows the area delineation of Huai-Por-Phan subbasin (representative of a small flat area) when using the LDD DEM, ASTER DEM, and SRTM DEM. It shows that the obtained shapes were similar. Moreover, these shapes were considered in terms of the intersected area between the various DEMs, as shown in Table 4 . The results indicated that the intersection between the LDD DEM shape and the ASTER DEM shape was higher than the intersection between the LDD DEM shape and SRTM DEM shape.
The area size delineation when using the ASTER DEM and the LDD DEM was slightly different. The area delineation when using the ASTER DEM against the LDD DEM was 2.6% and for the LDD DEM against the SRTM DEM the difference was 8.1%. The difference in the average area slope created from the ASTER DEM and LDD DEM was 13.56% and the difference between the area created from the SRTM DEM and LDD DEM was 37.6%, as shown in Table 5 . Figure 4 presents the obtained area delineation for HuaiSai-Bath subbasin (representative of medium flat area) when using LDD DEM, ASTER DEM, and SRTM DEM. The results showed that the obtained shapes and sizes were similar. In addition, the extracted watersheds were similar, as shown in Table 6 .
The area size delineations when using the ASTER DEM and the LDD DEM were slightly different. The area delineation when using the ASTER DEM against the LDD DEM was 1.89% and for the LDD DEM against the SRTM DEM the difference was 3.08%. When comparing to the shapefile from the DWR (DWR, 2009) with the watershed extracted from the LLD DEM a difference of 8.12% was obtained. The difference in the average area slope from the ASTER DEM and the LDD DEM was 44.31%, and the difference between the area created from the SRTM DEM and the LDD DEM was 44.63%, as shown in Table 7 . Figure 5 shows the area delineation of the Nam-Yang subbasin (representative of large size flat area) when using LDD DEM, ASTER DEM, and SRTM DEM. They were not significantly different. The area delineations when using the ASTER DEM and the LDD DEM, as shown in Figure 4 , gave a good match between their shapes of the watersheds. The intersected areas between the various DEM extracted watersheds showed that they all have high areas superimposed, as shown in Table 8 .
The area size delineation when using the ASTER DEM and the LDD DEM was slightly different. The area delineation when using the ASTER DEM against the LDD DEM was 0.99% and the LDD DEM against the SRTM DEM gave a difference of 0.16%. When comparing the shapefile from the DWR with the watershed extracted from the LLD DEM, the difference was 23.63%. The difference in the average area slope created from the ASTER DEM and the LDD DEM was 34.81% and the difference between the area created from the SRTM DEM and the LDD DEM was 43.7%, as shown in Table 9 .
Impact of Stream Length.
To understand and analyze the facility of the drainage system of a watershed, the total length of the streams and the number of tributaries are the important parameters for drainage evaluation. In this study the channel network extractions were carried out as shown in Figures 6-9 . The streams' lengths extracted from the LDD DEM were used as the baseline to compare those extracted from the ASTER DEM and the SRTM DEM. The total length that was extracted from the high resolution DEMs seemed to be longer than from the coarser resolutions and had a greater length, while the watersheds were larger, as shown in Tables 10 and 11 .
Impact of Main Stream
Slope. The flow characteristics in the main streams and stream slopes were inherently related but differed in the stream slope impact on the velocity and discharge. The slopes of the main streams extracted from the ASTER DEM, LDD DEM, and SRTM DEM are shown in Table 12 . For the stream slopes, the difference increased when the area size was larger, as shown in Table 13 .
The findings of this study indicated that the resolution of the DEMs affected the watershed delineation as well as stream network and subbasin classification in SWAT models. The results obtained from all of the terrain and size areas showed that there was no significant benefit to using a finer resolution for the delineated watershed. Thus, in the planning stage, the hydrologist could use coarser resolution data to save time and cost for the area parameter in the empirical formula. These results were consistent with the results of numerous studies as follows: a study on the minimum DEM data resolution from 100 to 200 m found that there was less than a 10% error in the SWAT output for the flow predictions [17] . The impacts of DEM mesh size and soil map scale on the modeling results were discussed with respect to the relevant characteristics of the watershed and included in the SWAT [18] . Decreasing the resolution above 50 m did not substantially affect the simulation of the runoff but did have an impact on the simulation of sediment yield [19] , whereas the SRTM DEM 90 m had a highly linear relationship with the LDD DEM [20] . Simulations of the daily river water discharge when based on maps with 90 × 90 m cell sizes in the model showed a good agreement between the calculated and measured hydrographs at the outlet of the basin [21] . Many common parameters depend both on the size of the basin and on the scale of the digital elevation model used for the computations. The results showed that the watershed sizes and shapes obtained were only slightly different when using the LDD 5 m, ASTER 30 m, and SRTM 90 m. That did not mean that the LDD 5 m, ASTER 30 m, and SRTM 90 m generated similar accuracies, as the land use/cover and the individual scene DEMs that were stacked to create the final averaged DEM elevation value also affected the accuracies of the remote sensing-derived DEMs.
It can be seen that the ASTER DEM is a good quality DEM that meets the requirements and therefore enables the hydrologist to create the watershed and parameters. The quality of the DEM depends primarily on the input data in the large areas. Somehow the LDD DEM had voids in the focus areas that caused the shape of the basin to be inconsistent with the topography (checked by visual inspection with orthophotos), as shown in Figures 10 and 11 .
In some hydrologic models the slope derived from the DEM does not influence the output data. A coarser resolution DEM could be used to reduce the running time of the model because the time needed to delineate a watershed is a function of the grid (DEM) size. In addition, more cells in a grid will take too much processing time, so the programs will use too much of the computer's resources. However, in some models, the slope of the area is an important factor, such as in a soil erosion model, as the slope can affect the soil erosion significantly. Then, using a map with higher accuracy as the model input is necessary.
In the Huai-Sai-Bath subbasin, with an area of about 600 km 2 , the LDD DEM file size was 268 MB while the ASTER DEM file size was 1.96 MB, which is more than 100 times the size and takes 10 times the time to run the model (ASTER DEM takes 10 min; LDD DEM takes 300 min). In the Nam-Yang subbasin, with an area of more than 4,000 km 2 , it takes more than 2 GB of RAM to run the model with the LDD DEM, and it takes 20 times the time to run when compared to the ASTER DEM (ASTER DEM takes 30 minutes; LDD DEM takes 600 minutes). 
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Conclusion
The total length of the streamline, the main channel slope, the watershed area, and the area slope were significantly different when using the three resolutions of DEM to delineate. The watershed sizes and shapes obtained were only slightly different, whereas the area slopes obtained were significantly different. These differences decreased when the area sizes of the data increased. The resolution of the DEM had a significant effect on the area slope, as the area slope decreased when the resolution of the DEM used was higher. The total stream length extracted from the higher resolution was longer than when the coarser resolution of the DEM was used. These differences increased when the area sizes of the data increased. The stream line extracted from the DEM had increased branching and small streams were visualized well when the resolution of the DEM increased. The slopes obtained for the main streams from all DEMs were only slightly different when using smaller area sizes, whereas using larger area sizes they were quite different. The ASTER DEM is a good quality DEM that meets the requirements, thereby enabling the hydrologist to create the watershed and parameters. The ASTER DEM can be used rather than a finer resolution DEM for the model input to save time for the model calibration and validation.
